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Introduction
The importance of the environmental performance of products and processes for sustainable manufacturing and service operations increasingly is being recognized. While legislation introduced in Europe, North America, and Japan encourages this awareness, many corporations have proactively taken measures in anticipation of evolving environmental performance requirements. Increasingly, manufacturers of durable and nondurable goods are establishing economically viable production and distribution systems that enable remanufacturing of used products in parallel with the manufacturing of new units. Remanufactured products are typically upgraded to the quality standards of new products, so that they can be sold in new product markets. In this paper, we consider product categories in which there is no distinction between a remanufactured and a manufactured product, and we refer to the distribution systems, which use a combination of manufacturing and remanufacturing, as closed-loop supply chains.
The prospect of remanufacturing poses interesting questions with respect to the design and management of closed-loop supply chains. The goal of this paper is to develop a detailed understanding of the implications that a manufacturer's reverse channel choice has on forward channel decisions and the used-product return rate from the customers. In current practice, we find a variety of reverse channel formats deployed by manufacturers. In some cases, manufacturers collect their used products directly from the customers. For instance, Xerox Corporation provides prepaid mailboxes so that customers can easily return their used copy or print cartridges to Xerox without incurring any costs. The company also remanufactures high-value, endof-lease copiers (Xerox Corporation 2001). The used copiers are collected directly by Xerox as new ones are installed. Overall, the green remanufacturing program saves the company 40%-65% in manufacturing costs camera is reused in the production of a new one. Each time a camera is returned to Kodak, the retailer is reimbursed a fixed fee per camera and the transportation costs.
In the auto industry, independent third parties (i.e., dismantlers) are handling used-product collection activities for the original equipment manufacturers (OEMs). Recently, the "big three" auto manufacturers in the United States started to invest in joint research and remanufacturing partnerships with dismantling centers to benefit from their scale economies and experience (Bylinsky 1995) . Third parties such as GENCO Distribution System are also preferred by some consumer goods manufacturers for their experience in used-product collection (Hickey 2001) .
To investigate how reverse channel choice affects the forward channel decisions and the used-product return rates, we consider a two-echelon supply chain and model a single manufacturer-retailer dyad with product remanufacturing.1 Based on observations from current practice and the extant literature, we consider three reverse channel formats: (1) manufacturer collecting used products directly from the customers (Model M), (2) manufacturer contracting the collection of used products to the retailer (Model R), and (3) manufacturer contracting the collection of used products to a third party (Model 3P). We contrast the results for the decentralized channels with the centrally coordinated system (Model C) to illustrate potential sources of inefficiencies in closed-loop supply chains.
More specifically, we address the following research questions:
(1) How are the wholesale price, the retail price, and the total channel profits affected by the choice of the reverse channel structure?
(2) How do the closed-loop supply chain structures influence the incentives to invest in used-product collection and the product return rates? Some of the key results of this paper demonstrate that in a closed-loop supply chain, the retailer has an important dual role due to his proximity to the market. The analysis shows that when prices are sensitive to changes in unit production costs, by being closer to the final demand, the retailer can efficiently reflect unit cost savings from remanufacturing to the final price of the product, and jointly optimize the investment in used-product collection. The manufacturer is at a disadvantage in coordinating pricing and used-product return rates, because she faces double marginalization in the forward channel. The thirdparty model is the least-preferred option because the payments made to the third party for undertaking collection become a direct cost to the supply chain, do not induce incentives to increase the final demand and, therefore, reduce the profitability of product remanufacturing. The model also demonstrates that the manufacturer can further improve the profits of the R Model to the level of a centrally coordinated system by using a single two-part tariff. Because we define the two-part tariff contingent on the product return rate, it not only coordinates the pricing decision of the retailer in the forward channel but also the collection effort in the reverse channel.
On a broader level, this paper contributes to our understanding about the interactions between reverse and forward channel decisions, as well as the incentives of the agents to invest in used-product collection in different reverse channel structures.
The rest of this paper is organized as follows. In the following section, we briefly discuss the current literature and the contribution of this paper. Section 3 is devoted to the conceptualization and formulation of the model. Following the development of the model, the analytical results for the optimal closedloop supply chain structures are presented in s4. Section 5 examines channel coordination mechanisms with used product collection. We outline the limitations of this work and possible directions for future research in s6.
Literature
This paper draws on and contributes to several streams of literature, each of which we review below. A growing literature in operations management addresses reverse logistics management issues for remanufacturable products. We refer the reader to Fleischmann et al. (1997) and Guide et al. (2000) for complete literature reviews. The basic underlying assumption in these papers is that the planning of closed-loop supply chain operations, such as network design (Krikke 1998), shop-floor control (Guide et al. 1997) , and inventory control (van der Laan 1997) is done by a central decision maker to optimize total system performance. By adapting a game-theoretic approach, we relax the centralized planner assumption and model the independent decision-making process of each supply chain member. Specifically, we examine the interaction between pricing decisions in the forward channel and the incentives to collect used products under different reverse channel structures.
There is a growing number of research papers on reverse logistics that use game theory to model remanufacturing decisions. Majumder and Groenevelt (2001) examine how third-party remanufacturing can induce competitive behavior when the recycled products cannibalize the demand for the original product. Debo et al. (2002) model the durability choice 1 Throughout this paper, we adopt the convention of using the pronoun "she" to refer to the manufacturer. All other supply chain members are refered to by the pronoun "he." Savaskan, Bhattacharya, and Van Wassenhove: Closed-Loop Supply Chain Models Management Science 50(2), pp. 239-252, @2004 INFORMS 241 of the (re)manufacturer when consumers act strategically. While we specifically model the reverse channel design decisions, in the cited papers, such decisions are assumed exogenous to the model structure.
In the supply chain management literature, Pasternack (1985) , Emmons and Gilbert (1998) , and Donohue (2000) determine optimal product return contracts for short life-cycle products. The returns considered in these studies occur at the end of the selling season due to demand uncertainty and the retailer's overstocking of inventory. Related to this group of work, Padmanabhan and Png (1997) explore how ordering flexibility from buy-back contracts affects the retail-level competition. In contrast, we consider used products, which are returned from consumers for remanufacturing, and we discuss contract forms, which would jointly coordinate the reverse and the forward channels.
Recent research also shows a strong link between supply chain management and environmental improvement. Bierma Coughlan 1985) . While the model structure presented in this paper is consistent with this stream of work, we expand these models to also include reverse product and financial flows from consumers to manufacturers.
Last, but not least, there is also growing research interest in decision models for used-product acquisition when there is quality uncertainty in the return flows. See Guide and Van Wassenhove (2001) for a detailed discussion of this issue. In this paper, we focus on the channel choice decision and assume homogenous quality of returned products.
Next, we present our modeling assumptions and the three closed-loop supply chain models.
Model Assumptions and Notation
We use the following notation throughout the paper: cm will denote the unit cost of manufacturing a new product, and cr the unit cost of remanufacturing a returned product into a new one, p is the retail price of the product, w is the unit wholesale price, and b will denote the unit transfer price of a returned product from the retailer/third party to the manufacturer. D(p) is the demand for the new product in the market as a function of product price, and II denotes the profit function for channel member j in supply chain model i. Superscript i will take values C, M, R, and 3P, which will denote the centrally coordinated, manufacturer collecting, retailer collecting, and the third-party collecting models, respectively. The subscript j will take values M, R, and 3P, which will denote the manufacturer, the retailer, and the third party, respectively.
The primary goal of this paper is to understand the implications of different closed-loop supply chain structures on incentives to invest in used-product collection and on supply chain profits. Hence, we consider the following scenario and make the following modeling assumptions.
Suppose that the manufacturer has incorporated a remanufacturing process for used products into her original production system, so that she can manufacture a new product directly from raw materials, or remanufacture part or whole of a returned unit into a new product. AsSUMPTION 1. Producing a new product by using a used product is less costly than manufacturing a new one, i.e., cr < cm and cr is the same for all remanufactured products.
This assumption states that savings from materials and assembly of subsystems within the new product dominate the additional costs of disassembly, inspection for reusability, and the cost of remanufacturing.2 Therefore, ceteris paribus, the manufacturer strictly prefers a higher product return rate to a lower product return rate from the market because, through remanufacturing, she can lower her production costs. The last part of Assumption 1 can easily be relaxed by incorporating a yield rate on returned product quality. The yield rate models the uncertainty in the reusability of used products due to different usage patterns.3 ASSUMPTION 2. We characterize the reverse channel performance by 7, the return rate of used products from the customers. 7 denotes the fraction of current generation products remanufactured from returned units, i.e., 0 < given by cm -TA. Similar cost structures can also be found in the literature, which looks at process improvement decisions and cost reduction incentives in supply chains (Gupta and Loulou 1998, Gilbert and Cvsa 2000). The similarity in formulation is consistent because, in this paper, an increase in product remanufacturing would also mean a reduction in the average unit cost of manufacturing.
ASSUMPTION 3. There is a variable unit cost of collecting and handling a returned unit, which is denoted by A.
For remanufacturing to be economically viable, we assume that A < A, i.e., the fixed payment per unit is less than the savings generated per unit from remanufacturing.
One can think of A as the fixed payment given to the consumer who returns a used product. Consider the reverse vending machines that collect used products (e.g., soft drink cans). Each customer who returns a used product to these machines receives a fixed payment per unit, which is represented by the parameter A in our model. Note that A is exogenous to the model and does not affect the demand for the product. This would be the case for consumer products (i.e., cameras, cartridges) with low salvage value and no secondary markets (Swan 1972 ). In the case of durable goods, one should also consider how the secondary market/trade-in value of a used product affects the consumer's decision to replace his or her used product. Assumption 3 also implies that A does not increase with the scale of operations. This is consistent with supply chain structures, where the reverse channel has sufficient capacity so that the product return rate is driven by the collection effort and by induced awareness and participation of consumers in product remanufacturing.4
The total cost of collection C(r) can then be characterized as a function of the return rate of used products and is given by C(7) = I + ArD(p) = CLT2 + ATrD(p), where TD(p) is the total number of units returned from consumers and remanufactured into new products. Because we intend to compare the incentives of collecting agents across different reverse channel structures, we assume the same cost structure for all closed-loop supply chain models. In the conclusion section, we discuss other factors that may bring in collection cost advantages to some reverse channel structures.
AsSUMPTION 4. We consider a two-echelon supply chain and model a bilateral monopoly between a single manufacturer and a single retailer. This enables us to explore the implications of assigning a dual role to a forward channel member. Specifically, if the retailer undertakes the collection effort, he not only determines the quantity demanded in the market by setting the retail price of the product, but also by his collection effort level, he influences the average manufacturing cost of the product. Even though we consider a single manufacturer-retailer structure, the manufacturer can, in fact, sell to different retailers if the retailers are not in direct competition. The manufacturer can also manufacture competing brands, but she does not sell competing brands to the same retailer and the brands do not share the same manufacturing process.5 The retailer can also carry many brands, but for simplicity, we consider only one brand for which he takes decisions independent of the other existing brands. We assume a downward sloping linear demand function. Lee and Staelin (1997) show that the vertical interaction between the channel members and the optimality of the channel strategies depend on 243 the convexity of the demand functions. Therefore, it should be pointed out that while the linear demand assumption is consistent with the literature (Bulow 1982 , Weng 1995 and enables us to develop a firstcut analysis of the closed-loop supply chain decision of the manufacturer, the generalizability of the results to nonlinear demand functions is a question of future research.6 The last part of Assumption 5 is a condition for nonnegative demand.
To model the supply chain members' incentives under different closed-loop supply chain structures, we use the principal-agent framework (Laffont and Tirole 1993) and make the following assumption concerning the power structure in the supply chain. We assume the previous existence of the product in the market. Those products sold in the previous periods can be returned to the manufacturer for reuse. Hence, the focus of analysis is on the average supply chain profits per period when similar products are introduced to the market repeatedly.7
Supply Chain Models with Remanufacturing
This section presents three decentralized supply chain models with remanufacturing, viz., the closed-loop From the best-response functions, it follows that the retail price charged is lower than the retail price in the centrally coordinated system without remanufacturing (see Table 1 in Appendix A). Part of the system profit gains from reduced unit variable costs are passed on to the customers as a lower retail price, which also enhances the demand of the product. The demand and total profits in the coordinated distribution and collection system can be found by evaluating D(p) and 11c(p, r) at p*c and r.c. The results are shown in Table 1 in Appendix A.
Model M-Manufacturer Collecting
In this model, the manufacturer undertakes the used product collection effort, and decides on the wholesale price w and the product return rate, 7. An example of this form of closed-loop supply chain structure is Xerox's network for printer and copy cartridges in Europe and in the United States. Specifically, Xerox provides prepaid mailboxes so that the used cartridges can be returned to Xerox at no expense to the customers.
Because the manufacturer is the Stackelberg leader, we begin by characterizing the best-response function of the retailer. For a given w, the retailer's problem is Table 2 in Appendix A.
Model R-Retailer Collecting
In this model, the retailer also engages in the promotion and collection of used products in addition to distributing new products. One characteristic of this channel format is that the ownership of used products initially rests with the retailer after the collection. To take the products back, the manufacturer pays a transfer price b per product returned to her from the retailer. The transfer price, b is determined by the manufacturer. As an example of this closedloop supply chain structure, Kodak currently engages retailers that sell their products to participate in the collection activity of the disposed cameras. Similarly, for electronics products, such as television sets, home appliances, personal computers, retailers also act as collection points when used products are returned to them at the moment of new sales. In this model, the retailer decides the retail price p, and the product return rate r, through his collection effort.
The retailer's problem is given by
Maxp,iI
= (4 -pp)[p -w] + br(4 -pp) -CLT2 -AT(4 -Pp). Because the objective function is jointly concave in p and r, from the first-order conditions, the best responses are p*R = (4 + p[w -(b -A)r*])/(20) and 7*R = ((b -A)/(2CL)) ( -_pp*R).
Given p*R and r*R, the manufacturer optimizes 
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The optimal value of the wholesale price can then be used to compute the demand and the profits for the manufacturer. The manufacturer's profits are given by (4o -pcm)2/(8p)
-P(A -A)(b -A)/(4CL)
Note that because the manufacturer's problem is concave in w for a given b, this enables us to find the value of b, which maximizes the optimal value of the manufacturer's profit function.'1 Thus, we make the following observation." OBSERVATION 1. Because the manufacturer's profits are increasing with respect to b, the transfer price b is set equal to its upper bound of A, i.e., b = A. Surprisingly, in the R Model, we find that the manufacturer does not extract any of the direct savings from remanufacturing, but prefers to pass them on to the retailer. There are two main driving forces to this seemingly counterintuitive result.
When the retailer undertakes the used-product collection activity, a unit increase in demand increases his profits in two distinct ways. First, an additional unit of demand contributes the margin (i.e., p -w) from the purchase of the new product. Second, it partially contributes the salvage value (i.e., b -A) of a used product. In other words, in the R Model, the retailer has a higher marginal profitability from a unit increase in demand than the cases when the manufacturer or the third party are the collecting agents. Hence, for a given level of 7, passing on all the savings to the retailer results in increased payoffs for the retailer (i.e., (A -A)r > (b -A)r), and this acts as an incentive to reduce the retail price of the product and increase demand, which results in increased profits. A second-degree effect of increasing demand also acts to set 7. A larger market size makes used-product collection more profitable for the retailer (i.e., scale effect) and, hence, the retailer has an incentive to increase his investment in used-product collection, and increase 7.
The manufacturer prefers to transfer cost savings directly to the retailer for the following reasons. Even though she does not internalize the unit cost savings from remanufacturing directly, her profits increase because of an increase in the product demand. Note that if the manufacturer had retained part of the unit cost savings (i.e., r(A -b) > 0), because of double marginalization in the channel, a part of these savings would be internalized in the retailer's profit margin later when the retailer set the product price. As a consequence, the demand and the investment in usedproduct collection would be lower.
The analysis of the R Model shows that the way the cost savings from remanufacturing are shared between supply chain members has important implications for pricing decisions in the forward supply chain, both for the manufacturer and the retailer.
Model 3P-Third-Party Collecting
It is also not unusual to see the used-product collection activity contracted by the manufacturer to a third party, who is engaged only in the collection of the used products from the market. The Internet has been an essential enabler for such third-party managed product return channels (Hickey 2001 ). In these closed-loop supply chains, the third party acts as a broker between the customer and the manufacturer.
In the 3P Model, for a given transfer price b of a used product, the third party maximizes his profits to determine the investment in used-product collection and, hence, decides the value of 7. As in Model M, the retailer engages only in the distribution of the product. The retailer solves for p*3P as a function of the wholesale price set by the manufacturer. The third party assumes the collection activity and maximizes assigns a large value to b, she observes a high level of investment by the third party in used-product collection, but at the same time, her net savings from remanufacturing diminish, (i.e., A -b decreases) and, therefore, her profits decrease as b approaches A. We find that the direct and indirect effects of b on the manufacturer's profits balance when b = (A + A)/2, i.e., when both parties equally share the gains from remanufacturing.
From Observations 1 and 2, it is important to note that the transfer price b has completely different implications for the supply chain profits in the R and the 3P Models. In the R Model, through b, the unit cost savings from remanufacturing are directly reflected in the final demand of the product (i.e., the retailer sets a lower price for the product), whereas in the 3P Model, b is a direct cost (i.e., a reduction in unit cost savings) for the manufacturer and the supply chain. Hence, the choice of the manufacturer concerning with whom and how she shares the cost savings from product remanufacturing has important consequences for forward channel pricing decisions.
In the following section, we compare the three supply chain models with respect to the retail price, the product return rate, and the profits of the channel members.
Comparison of the Three Closed-Loop Supply Chain Models
Based on the results summarized in Tables 1 and 2 A -A) ). Hence, the third party invests less in used-product collection compared to the manufacturer in the manufacturer collecting system. In addition, the manufacturer can strategically set w in a way that would make used-product collection more profitable resulting in a second-degree effect on 7.
Comparing the closed-loop supply chain models where the manufacturer versus the retailer collects, from Observation 1, we see that while both the manufacturer and the retailer face the same marginal gains from investing in increasing 7 (i.e., b*R -A = A -A), the retailer can impact the market size by choosing p, whereas the manufacturer can influence the demand only by strategically choosing the wholesale price, w. The M Model has a lower product return rate than the R Model, because of double marginalization, the unit cost savings from remanufacturing is only partially reflected in the final price of the product.
The centrally coordinated system leads to the highest investment level in used-product collection, because the decisions are fully coordinated in the channel.
The implications of Proposition 1 form the basis of an interesting finding of the paper, vis-a-vis, the closer an agent is to the market, the more efficient is the collection of used products for all parties involved in the channel. The effective loss of efficiency in the decentralized system is mitigated, in part, by the ability to act more closely at influencing the underlying demand. The investment in collecting used products from the market benefits only the third party directly in the 3P system, and there is only a second-order effect on the retail price in the form of a lower wholesale price offered by the manufacturer to the retailer. The effect on the retail price is more direct in the M Model, as the manufacturer sets a lower wholesale price to increase demand, and thereby increases her savings through product remanufacturing. The reduction in retail price in the R Model is the largest among the decentralized channels, as the retailer can directly reflect the unit cost savings in the final demand through his pricing decision. The price in the coordinated channel is lower than all three decentralized channels, because the gains in efficiency from the coordination effort can be effectively shared with the market to increase both demand and profits. The implication of Proposition 3 and this section is that the ranking of the different closed-loop supply chain structures (in terms of benefits to the manufacturer and retailer) mirrors the benefits to nonsupply chain members as well. The benefits to society, in terms of an increased used-product return rate (greater reuse of products) as well as an increased 247 ability to buy the product (greater demand), complement the increased profits for the manufacturer and retailer in the coordinated system and R Model. McCartney (1999) and our own observations in the industry empirically corroborate the findings of the model. When the manufacturer owns the distribution channel, as in the coordinated case, the manufacturer undertakes the used-product collection effort herself, as in the case of Xerox (Xerox Corporation 2001) .
In the next section, we show that the manufacturer can further improve the profits in the R Model by coordinating the forward and the reverse channel decisions via a single two-part tariff. To highlight incentive issues, we consider an environment where all cost parameters are common knowledge to the channel members (i.e., no adverse selection problem) and the used-product collection effort is fully observable (i.e., no moral hazard problem).
Improvements on the R Model
Under the assumption of complete information about cost and demand data and full observability of the retailer's cost when he undertakes the used-product collection effort, we show that the manufacturer can offer a wholesale price to the retailer to induce him to choose an effort level that maximizes total channel profits. The details of the proof are presented in Appendix C. Proposition 4 states one form of the optimal contract that the manufacturer offers the retailer. The optimal coordinating wholesale price is linear in the unit cost of manufacturing, Cm and 7. w(7) stands for a wholesale pricing scheme contingent on the return rate of used products from the market, and F is a fixed payment made by the retailer to the manufacturer that distributes the efficiency gains. HI*c is the total profits in the coordinated channel, and IIH is the retailer's profits in the decentralized channel with the retailer collecting. PROPOSITION 4. The form of the optimal contract, W*(7) = (w*(7), F*), which ensures that the retailer undertakes the coordinated collection effort level and charges the optimal coordinated retail price is given by w*(7) = c. -(A -b)r, 0 < T < 1, and F* = H*c -fl2.
As stated in the above proposition, to ensure that the retailer's profit-maximizing product return rate is, indeed, equal to the coordinated channel product return rate, the manufacturer offers a wholesale pricing scheme contingent on the product return rate characterized by the term (A -b)7. Specifically, the manufacturer puts the retailer in a position where he directly internalizes the cost consequence of his used-product collection effort. Besides ensuring the coordinated channel product return rate, the contract also provides a means for making the retail price of the product equal to the coordinated channel price level, thereby overcoming inefficiencies because of double marginalization. The optimal contract makes the transfer price b unnecessary, as the manufacturer's profits are the same for any b < A.
Our findings are consistent with the extant literature in marketing and economics, which shows that if the manufacturer transfers the products at the realized unit cost of production, coordinated channel retail price and profit levels can be attained in the decentralized setting. The fixed payment, F can be seen as a franchisee fee paid by the retailer to the manufacturer to have the rights not only to sell the product in the market, but also to collect the used units. It is interesting to note that by using a single contractual agreement (i.e., a simple two-part tariff, linear in 7), the manufacturer can coordinate the decisions in the closed-loop supply chain. Simple forms of contractual agreements for channel coordination also make the R Model more attractive for the manufacturer compared to a third-party system, for which one would need to design separate contractual agreements for the retailer and for the third party (Savaskan et al. 1999 ).
Contributions, Limitations, and Future Research
Designing effective remanufacturing systems has important ramifications for firms, regulatory bodies, and the market. The first contribution of this paper has been to identify the appropriate closed-loop supply chain structure for OEMs. We show that firms can design closed-loop supply chains to enhance their profits and market demand, and in conjunction, can increase the used-product return rate. Coordination mechanisms are suggested to better achieve the above aims by providing suitable incentives in the form of simple two-part tariffs (a per unit wholesale price linear in product return rate coupled with a franchisee fee) to align the objectives of the members in the closed-loop supply chain. In the early phase of this research, we have made a number of assumptions that must be relaxed in future research to develop a more comprehensive understanding of remanufacturing systems. We assume that, for the agent who implements the used-product collection effort, an infrastructure for the logistics of getting products back from customers and delivering them to the OEM already exists independently. Based on the model analysis and insights, we conjecture that a high cost of establishing such a network would make it even more appropriate for a forward distribution channel member (e.g., the retailer) to undertake the used-product collection effort, as such networks are already in place in typical systems for forward distribution activities. This paper considered only a single agent undertaking the collection We also assume that the firm has designed the product platform for reuse so that older products can be easily incorporated partially or wholly into the new product (Xerox Corporation 2001). An extension of this study should consider product platform design issues to make products easier to remanufacture. This research also assumed that all the products that are collected are usable for remanufacturing into new products. Future research should investigate the effect of the degree of product durability in the remanufacturing process. We assume that the marginal cost of collecting a used unit is independent of the scale of the operations. This is consistent with supply chain structures where there is already an existing reverse logistics network in place with sufficient capacity. There are two interesting avenues of research concerning costs of the collection effort. First, one can examine the choice of closed-loop supply chain when the marginal cost of collection increases with the scale of operations.12 Second, one can also investigate capacity investment decisions in the closed-loop supply chain. Third, we assumed that the cost of collecting a used unit is the same for all the agents of collection. An extension of this research could consider the case of unequal costs of collection because of economies of scale (we conjecture that this would favor third-party collection), proximity to the consumer (this would favor retailer collection), and other possible reasons. The modeling framework in this paper can easily be extended to address such related questions.
In summary, this paper makes a contribution to the literature on distribution channel design by drawing attention to closed-loop supply chains, and developing a model of the tradeoffs underlying such systems. Our recommendation is that firms make a conscious choice of supply chain, as different closed-loop supply chains may be appropriate in different environments, depending on the cost structures of the agents of collection. Section 5, which summarizes the results of the model, provides some guidance in this regard. A combined design of the closed-loop supply chain can not only provide the firm with much-needed flexibility to reduce logistics costs for forward and reverse activities, but also enable it to signal continued concern and action on environmental issues. Table 2 ). From Tables 1 and 2 , we have 7*M = (0 -PCm)(A -A) (8CL -P(A -A)2)-1 < T*C, hence, 7*M < 1. Table 1 Comparison 
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